Adenosine 5'-triphosphate (ATP) can act as an extracellular signal that regulates various cellular functions. The present study aimed to determine which purinoceptors play a role in ATP-induced changes in intracellular Ca 2+ ([Ca 2+ ] i ) and amylase secretion in mouse parotid glands. ATP induced a steep increase in [Ca 2+ ] i in acinar cells. The removal of extracellular Ca 2+ or the use of Ca 2+ channel blockers slightly inhibited this increase. Inhibition of PLCγ by U73122 and of IP 3 by xestospongin C did not completely block this increase. The purinoceptor antagonists suramin and reactive blue-2 strongly inhibited the ATP-induced changes in [Ca 2+ ] i . 2-MeSATP induced a strong increase in [Ca 2+ ] i , while Bz-ATP induced a small [Ca 2+ ] i increase, and UTP and α,β-MeATP had no effect. The potency order of ATP analogs (2-MeSATP > ATP >> UTP) suggested that P2Y 1 and P2Y 12 play a significant role in the cellular response to ATP. RT-PCR revealed that P2X 2,4,7 and P2Y 1,2,10,12,14 were expressed in acinar cells. Ca 2+ -dependent exocytotic secretion of amylase was detected in parotid glands. These findings indicated that ATP activates P2Y receptors more than P2X receptors at low concentrations. Thus, P2Y receptors were found to be the main receptors involved in Ca 2+ -related cell homeostasis and amylase secretion in mouse parotid glands.
contribution of P2Y as well as P2X purinoceptors to ATP-induced changes in [Ca 2+ ] i and to estimate salivary amylase activity in parotid gland acinar cells. For this purpose, we examined the [Ca 2+ ] i dynamics in mouse semi-intact parotid gland acinar cells that retained their essential cellular structure. We recently succeeded in showing that ATP participates in a variety of signaling activities in different tissues (29, 36, 50) . In case of lacrimal glands, the response of acinar cells to ATP is mediated by P2Y (especially, P2Y 1 ) as well as by P2X purinoceptors (29) . The present study focused on the identification of the types of purinoceptors that are present in acinar cells of mouse parotid glands and mediate the effect of ATP on the [Ca 2+ ] i levels in these cells.
MATERIALS AND METHODS
Preparation of mouse glandular acini. Protocols and all animal experiments were approved by and conducted under the authority of the Iwate Medical University Institutional Animal Care and Use Committee. Adult female ICR mice (12-18 weeks old, body weight 30-38 g) were used. The mice were sacrificed with carbon dioxide gas, and then perfused via the left cardiac ventricle with Ringer's solution (147 mM NaCl, 4 mM KCl, and 2.25 mM CaCl 2 ) at room temperature. The parotid glands were removed and placed in Hepes-buffered Ringer's solution (HR) containing 118 mM NaCl, 4.7 mM KCl, 1.25 mM CaCl 2 , 1.13 mM MgCl 2 , 1 mM NaH 2 PO 4 , 5.5 mM D-glucose, MEM amino acids solution (Gibco, Grand Island, NY, USA), 0.2% bovine serum albumin (Sigma, St. Louis, MO, USA), and 10 mM Hepes, and the pH was adjusted to pH 7.4 with NaOH. The parotid glands were trimmed of excessive connective tissues and digested with collagenase (100 U/ mL; Elastin Products, Owensville, MO, USA) in HR buffer for 1 h at 37°C. Enzyme digestion was conducted with constant agitation (~200 cycles/min) in a rotary shaker under an atmosphere of 100% O 2 that was achieved by gassing at 15-min intervals. After digestion, the glands were washed twice and centrifuged at 800 ×g for 2 min at room temperature between washes. The pellet was resuspended in 15 mL of HR buffer. The suspension was filtered through a Nitex screen (100 mesh/inch). Then, the glands were washed twice and centrifuged at 800 ×g for 2 min at room temperature between washes. The final pellet was resuspended in 3 mL of HR buffer.
Intracellular Ca 2+ imaging. The specimens were transferred into HR buffer containing 5 μM Ca 2+ -sensitive a role in the regulation of a variety of functions (e.g., development, proliferation, differentiation, and secretion) in a number of tissues (2, 54) . The role of nucleotides as extracellular cell signaling molecules is well established (11, 15, 16) . Purinergic receptors are important for the induction of the ATP signaling function. These receptors can be divided into two main categories: P1 purinoceptors (adenosine receptors) and P2 purinoceptors (ATP receptors) (12, 47) . Stimulation of P2 purinoceptors by ATP leads to either a rapid excitatory response via the activation of ionotropic P2X purinoceptors, which are ligand-gated, non-selective cation channels, or to metabotropic responses, which are mediated by the G protein-coupled receptor family of P2Y purinoceptors (1, 15, 21, 24, 32) . Seven P2X receptors (ionotropic receptors, P2X 1-7 ) and eight P2Y receptors (metabotropic receptors, P2Y 1,2,4,6,10,12-14 ) have been identified in mammals (17, 41) . Both P2X and P2Y receptors are highly expressed in secretory epithelia and are involved in the modulation of fluid secretion (32, 42, 53) . Recent studies have demonstrated that the P2X 7 receptor is expressed in the mouse parotid gland (8, 34, 43, 48) . Li et al. reported that ATP can induce an increase in [Ca 2+ ] i via the P2X 7 receptor (34). Noteworthy, much higher concentrations (EC 50 ≈ 300 μM) of a P2X 7 agonist than those of ATP are required for these effects (22) . In rat parotid gland acinar cells, extracellular ATP at concentrations > 50 μM dosedependently increases [Ca 2+ ] i via activation of P2Z (P2X 7 ) purinoceptors. The response seemed to involve the activation of a P2 purinoceptor subtype different from P2Z because maximum responses were induced by much lower concentrations (< 0.25 mM) of ATP than those (> 1 mM) required to produce maximum activation of Ca 2+ entry (59) . The exocytotic action of nerve endings can result in the accumulation of micromolar concentrations of extracellular ATP (26) . Recently, Baldini et al. showed the involvement of the P2X 7 receptor-inflammasomecaspase-1-IL-18 axis in the development of primary Sjögren's syndrome exocrinopathy (4) . In lacrimal glands, a P2Y 2 agonist was found to improve ocular surface health in a rat dry eye model based on the induction of increased tear fluid secretion and the release of glycoprotein-containing moieties from goblet cells (25) . However, there are few data on P2Y receptors of parotid glands (3, 45, 56) . Therefore, it is necessary to understand whether the effect of ATP on parotid glands is mediated by metabotropic P2Y receptors under physiological conditions. The aim of the present study was to determine the of P2X 7 ), U73122 (5 μM; an inhibitor of phospholipase C), diltiazem (50 μM; an L-type Ca 2+ channel blocker), and carbachol (CCh, 10 μM; a cholinergic agonist), all from Sigma; adenosine 5'-triphosphate (ATP, 50 μM) from Kohjin Life Sciences (Tokyo, Japan); suramin (50 μM; an antagonist of P2 purinoceptors) and reactive blue-2 (RB-2, 50 μM; an antagonist of P2Y purinoceptors), both from Research Biochemicals International (Natick, MA, USA); and GdCl 3 (100 μM; a nonspecific cation channel blocker), xestospongin C (2 μM; a selective and membranepermeable inhibitor of IP 3 receptors) and tetrodotoxin (TTX, 2 μM; a sodium channel blocker) from Wako (Osaka, Japan). To compare ATP-induced [Ca 2+ ] i dynamics with those induced by a cholinergic (muscarinic) stimulus, we perfused the parotid glands with HR containing CCh.
RNA extraction and reverse transcription polymerase chain reaction (RT-PCR).
Parotid glands from mice were digested with collagenase in HR buffer as described above. Total RNA was extracted using the RNeasy Micro Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Isolated RNA was subjected to RT-PCR that was performed with a thermal cycler (PC-701; ASTEC, Fukuoka, Japan) using the ReverTra Ace-α-® (TOYOBO, Osaka, Japan). The primers used in this study were those reported by Ohtani et al. (44) for P2X purinoceptors and by Zhang et al. (63) for P2Y purinoceptors; the sequences are listed in Table 1 . The thermal cycling protocol was as follows: 42°C for 10 min, 94°C for 1 min, followed by 35 cycles of 94°C for 45 s, 60°C (or the appropriate primer-specific annealing temperature, see Table 1 ) for 30 s, and 72°C for 2 min, and final extension at 72°C for 10 min. The PCR products were electrophoresed in 2% agarose gels and stained with ethidium bromide. Images of the gels were captured using a Polaroid MP4 land camera (Polaroid, Minneapolis, MN, USA). Each RT-PCR was repeated in three independent experiments.
Amylase activity. Parotid gland acinar cells were preincubated in 1 mL of HR buffer at 37°C for 5 min and stimulated with 500 μM ATP, 500 μM 2-Me-SATP, or 2 μM A23187 for 1 h. Preincubated cells without stimulation (incubated in HR buffer for 1 h) were used as controls. The cell suspensions were chilled on ice for 5 min to terminate secretion and centrifuged at 137 ×g for 2 min at 4°C. The amylase activity in aliquots of the supernatants was assessed using an α-Amylase Assay Kit (Kikkoman Corp., Tokyo, Japan) according to the manufacturer's in-Indo-1/AM dye and were incubated for 1 h at 37°C. After incubation, in order to measure [Ca 2+ ] i , parotid gland acinar cells were placed on coverslips coated with Cell-Tak ® (a nontoxic adhesive reagent; Collaborative Biomedical Products, Bedford, MA, USA) in modified Sykus-Moor chambers and were then continuously perfused with HR buffer containing selected stimulants. Indo-1 is a ratiometric dye that is excited by ultraviolet light and is used for semiquantitative determination of [Ca 2+ ] i . The emission maximum of Indo-1 shifts from 475 nm in Ca 2+ -free medium to 400 nm when the dye solution is saturated with Ca 2+ . The ratio of the emission intensity at a wavelength shorter than 440 nm to that at a wavelength longer than 440 nm can be used to estimate [Ca 2+ ] i ; a higher ratio indicates higher [Ca 2+ ] i . Artifacts including photobleaching and dye leakage can be eliminated using this ratiometric dye. A real-time confocal microscope (RCM/Ab; a modified version of a Nikon model RCM-8000, Tokyo, Japan) was used to measure cellular [Ca 2+ ] i changes. Additionally, we measured [Ca 2+ ] i changes in specific, restricted areas of the cell (~1 μm 2 spot size). Indo-1-loaded cells were exposed to an ultraviolet beam (351 nm). An inverted microscope was equipped with an argon-ion laser (TE-300, Nikon), and the fluorescence emission was passed through a water-immersion objective lens (Nikon C Apo 40×, N.A. 1.15) to a pinhole diaphragm. Using this system, the acquisition time per image frame was 1/30 s. Digital images were composed of 512 × 480 pixels with a resolution of 8 bits/pixel and were immediately stored on high-speed hard disks. Fluorescence intensity was displayed as pseudocolor with 256 colors; red represents high [Ca 2+ ] i , and purple and blue low [Ca 2+ ] i .
Treatments. The [Ca 2+ ] i dynamics of acini were examined in a perfusion chamber as quickly as possible after the dye-loading procedure. After perfusion with the standard HR solution for a few min at room temperature, intact parotid glands were selected and examined under the microscope. Specimens were continuously perfused with HR solution containing the following agonists and/or antagonists Fig. 2a-l) . ATP-induced [Ca 2+ ] i changes showed a biphasic behavior; the first step involved a steep phase of rapidly increasing [Ca 2+ ] i , followed by a second weak plateau phase step. The second, sustained increase in [Ca 2+ ] i was more prolonged in aci-structions. The absorbance at 400 nm was measured using a spectrophotometer (UV-1600; Shimadzu, Kyoto, Japan).
Statistical analysis. The quantitative results are presented as the mean ± SD of three independent determinations. Student's t-test was used to compare treated to untreated cells; P < 0.05 was considered significant.
RESULTS

Effects of ATP and ATP analogs on [Ca 2+ ] i dynamics
We analyzed the effects of ATP and ATP analogs on [Ca 2+ ] i dynamics in mouse parotid gland acinar cells. As we did not aim to include the myoepithelial cells (63) . P2Y10 primers were designed using the web-based tool "Primer3." All primers were assessed for specificity using BLAST searches (http://www.ncbi.nlm.nih.gov/blast). ly responsible for ATP-induced changes in [Ca 2+ ] i . ATP-induced [Ca 2+ ] i changes in parotid gland acinar cells were not completely inhibited in the absence of extracellular Ca 2+ ([Ca 2+ ] o ) (n = 10) ( Fig. 3b ). Treatment of acinar cells with diltiazem (50 μM), an L-type Ca 2+ channel blocker, also did not completely inhibit ATP-induced [Ca 2+ ] i increases (n = 10) ( Fig. 3c ). Furthermore, no complete inhibition of ATP-induced [Ca 2+ ] i increases was observed following treatment with Gd 3+ (100 μM) (n = 10), a nonspecific cation channel blocker (data not shown). These data suggested that receptors other than ion channels might participate in the activity of ATP. In general, metabotropic receptors are G-protein-linked, and stimulation of G protein activates phospholipase C (PLC), which cleaves membrane-bound phosphatidyl-inositol-biphosphate to generate inositol-triphosphate (IP 3 ) and diacylglycerol. IP 3 subsequently causes Ca 2+ mobilization from internal stores (7) . To determine if this mechanism of Ca 2+ mobilization was involved in the ATP-dependent [Ca 2+ ] i increase, the effect of U73122, an inhibitor of PLC, was analyzed. U73122
ni stimulated with CCh than in those stimulated with ATP. Thus, even after cessation of CCh stimulation, the [Ca 2+ ] i level remained elevated for several minutes and then gradually declined (data not shown). The size and shape of the acini showed little changes during ATP and CCh stimulation. Next, we attempted to determine whether pharmacological blockade of neuronal excitability prevents the ATP-induced response. Inhibition of Na + inward currents was achieved by exposure to the sodium channel blocker TTX (2 μM). TTX did not completely inhibit ATP-induced [Ca 2+ ] i dynamics (n = 7) ( Fig. 3a ), suggesting that ATP-induced Ca 2+ influx in parotid acinar cells might not depend on nerve-mediated membrane depolarization correlated with fluxes of Na + and K + ions. Mechanisms that control Ca 2+ uptake into intracellular stores or effusion of Ca 2+ into the extracellular space contribute to Ca 2+ homeostasis and the shape of Ca 2+ transients (6, 31) . To analyze the mechanism by which ATP induces changes in [Ca 2+ ] i , we further investigated if ion channels such as the ionotropic purinoceptors were complete- induced large changes in [Ca 2+ ] i dynamics in these cells (n = 9) ( Fig. 6a ), whereas the P2X 7 agonist BzATP (50 μM) induced a small change in [Ca 2+ ] i (n = 8) ( Fig. 6b ). However, the P2Y 2,4,6 agonist UTP (50 μM) and the P2X 1,3 agonist α,β-MeATP (50 μM) had no effect (n = 9, n = 8, respectively) ( Figs. 6c  and 6d ). Therefore, we conclude that P2Y purinoceptors play a major role in ATP-induced changes in [Ca 2+ ] i dynamics, although Ca 2+ influx via P2X purinoceptors could also occur.
Amylase secretion
The involvement of ATP in amylase secretion was investigated. Acini were preincubated with various concentrations of ATP for 1 h. Dose-dependent release of amylase was observed (Fig. 7a) . We checked the increase in amylase activity using 500 μM ATP and 500 μM 2-MeSATP. Both agonists significantly induced amylase secretion after 1 h of incubation ( Fig. 7b ). To determine whether [Ca 2+ ] i is involved in the amylase secretion, the effect of a 1-h treatment with the Ca 2+ ionophore A23187 (2 μM) was investigated. Amylase secretion was significantly stimulated by A23187 (Fig. 7b) . These results suggested that ATP induces an increase in [Ca 2+ ] i , which stimulates amylase secretion.
P2 receptor mRNA expression in parotid gland acinar cells
Finally, we assessed the expression of P2 receptor mRNAs in parotid gland acinar cells using RT-PCR.
Receptor expression levels were graded from (−), where the PCR product was not detectable by ethidium bromide staining of an agarose gel, to (++), where a very strong band was detected in the gel (5 μM) inhibited the ATP-induced increase in [Ca 2+ ] i (n = 9) ( Fig. 4a ) and xestospongin C (2 μM; a selective and membrane-permeable inhibitor of IP 3 receptors) considerably blocked this increase (n = 8) (Fig. 4b) .
Thus, both Ca 2+ influx from extracellular spaces and IP 3 -dependent Ca 2+ mobilization from intracellular Ca 2+ stores were induced by ATP stimulation, and intracellular mobilization of Ca 2+ may be more significant than Ca 2+ influx in the ATP-induced response.
Next, we studied the involvement of P1 and P2 purinoceptors in the effect of ATP and its analogs on parotid gland acinar cells using specific agonists and antagonists of these receptors. P1 purinoceptors are more responsive to adenosine and AMP than to ADP and ATP, and, conversely, P2 purinoceptors are more responsive to ADP and ATP than to adenosine and AMP (12) . In the present study, AMP (50 μM) failed to induce a [Ca 2+ ] i increase (n = 9) ( Fig. 5a ). Adenosine (50 μM) had a similar effect (n = 8) (data not shown). Consistent with this observation, suramin (a non-selective P2 purinoceptor antagonist; 50 μM) completely inhibited the ATP-induced [Ca 2+ ] i increase (n = 8) (Fig. 5b) . These data indicated that ATP-induced responses are mediated by P2, but not P1 receptors. It has been reported that parotid glands express some ionotropic P2X purinoceptors (8, 10, 18, 33, 34) ; however, there are few studies of metabotropic P2Y receptors in the parotid gland (3, 45, 56) . Therefore, we analyzed the potential contribution of P2 receptor subtypes to ATP-induced [Ca 2+ ] i increases in parotid gland acinar cells using receptor-specific agonists and antagonists. Reactive blue-2 (RB-2; 50 μM), an antagonist of P2Y purinoceptors, strongly inhibited the ATP-induced increase in [Ca 2+ ] i (n = 9) (Fig. 5c ). The P2Y receptor agonist 2-MeSATP (50 μM) nists indicated that parotid gland acinar cells also express metabotropic P2Y receptors. According to the review of Burnstock (16) , the agonist potency order of 2-MeSATP > ATP >>> UTP = α,β-MeATP indicated that P2Y 1 and P2Y 12 were the main receptors for mediation of ATP-induced responses. P2X 7 has been previously studied in parotid gland acinar cells (8, 33, 34, 40, 43, 48) and in lacrimal glands (19, 20, 27, 43) . Casas-Pruneda et al. reported a functional interaction between P2X 7 and P2X 4 receptors in epithelial cells from salivary glands, and this functional interaction could be important in generating the ATP-activated current and shaping subsequent physiological responses to ATP signaling (18) . Consistent with that study, blocking of Ca 2+ influx in the present study partially inhibited ATPinduced changes in [Ca 2+ ] i , and the P2X 7 agonist induced an increase in [Ca 2+ ] i . RT-PCR analysis revealed the presence of both P2X 4 and P2X 7 receptors. Bhattacharya et al. suggested that the mechanisms of activation of P2X 4 and P2X 7 receptors are largely distinct, the former relying on neurotransmitter release and the latter largely on an autocrine/ ( Fig. 8 ). P2X 2,4,7 and P2Y 1,2,10,12,14 were expressed in mouse parotid gland acinar cells (Fig. 8 ).
DISCUSSION
ATP plays an important role in amylase secretion from salivary glands. Agonist-induced increases in [Ca 2+ ] i are involved in initiating saliva secretion, the primary physiological function of parotid gland acinar cells (39) . Most of the previous studies have reported that these cells are stimulated via P2X receptors, especially the P2X 7 receptor. Based on the data of the present study, we propose that metabotropic P2Y receptors also play a significant role in ATP stimulation of parotid gland acinar cells. This study demonstrated that Ca 2+ mobilization from intracellular Ca 2+ stores was induced by extracellular ATP, suggesting the presence of metabotropic receptors that are activated by ATP. Experiments using U73122 or xestospongin C indicated that the ATPinduced responses were mediated mainly by IP 3 receptor-mediated Ca 2+ mobilization. The results of stimulation/inhibition with ATP analogs and antago- necessary to elucidate the functional relation between P2Y and P2X receptors in the exocrine mechanism in parotid gland acinar cells.
Parotid gland secretion is controlled by autonomic nerves (46) . Parasympathetic cholinergic stimuli elicit an IP 3 -dependent [Ca 2+ ] i increase, while sympathetic adrenergic stimulation-induced [Ca 2+ ] i dynamics are IP 3 -independent. We previously reported that acinar cells in exorbital lacrimal glands as well as in exocrine glands were stimulated by both cholinergic and adrenergic agonists, while myoepithelial cells responded only to cholinergic stimuli (51, 52) . ATP and noradrenaline are co-stored in synaptic vesicles in sympathetic nerves. ATP-induced acinar and myoepithelial cell responses and the [Ca 2+ ] i response of acinar cells are IP 3 -dependent as shown in the present study. Therefore, even under conditions of increasing in sympathetic activity, the parotid gland can both secrete saliva via an IP 3 -dependent mechanism and excrete fluid via myoepithelial cell contraction. It is plausible that different signaling pathways are necessary to assure that the oral surface is wet at all times. If salivation is competitively controlled by cholinergic and adrenergic nerves, it is paracrine pathway (8) . Li et al. reported that P2X 7 receptors require much higher concentrations of ATP for activation (millimolar concentrations) than P2Y receptors (34) . However, in the present study, 50 μM of ATP was sufficient to reproducibly induce changes in [Ca 2+ ] i dynamics. Because ATP is present in the cytosol at concentrations around 5 mM, physical damage to cells will cause ATP to exit the cells and to move into the extracellular space, where the ATP concentration can subsequently reach 0.2-20 mM (9, 49) . Accordingly, under pathological conditions, prolonged stimulation of intact cells by ATP leaked from injured cells might activate P2X 7 , resulting in an [Ca 2+ ] i increase and leakage of various proteins. However, the exocytotic action of nerve endings can result in the accumulation of micromolar concentrations of extracellular ATP (26) . Therefore, it is likely that the effect of ATP on parotid glands is mediated by metabotropic P2Y receptors rather than P2X receptors under physiological conditions. On the other hand, low concentrations of ATP did not stimulate amylase release, supporting the view that an increase in [Ca 2+ ] i is not a sufficient stimulus in rat parotid gland acinar cells (59) . Therefore, further studies are possible that in certain cases, salivary secretion may be stopped, resulting in dry mouth. The present study demonstrated that stimulation with CCh and ATP induced a simultaneous increase in [Ca 2+ ] i in most parotid acinar cells. These results are compatible with the view that stimulation of muscarinic cholinergic and purinergic receptors induces the same signaling processes in acinar cells. Multiple studies have focused on parotid acinar cells for the production of IP 3 and diacylglycerol, release of Ca 2+ from intracellular Ca 2+ stores, and subsequent entry of Ca 2+ across the plasma membrane via a capacitative entry mechanism (5, 30, 58) . The initial phase of [Ca 2+ ] i response to a muscarinic agonist appeared to be due to IP 3 -induced Ca 2+ release from intracellular Ca 2+ stores (62) . Ca 2+ entry from the extracellular space may maintain the elevated level of [Ca 2+ ] i , which is important for the muscarinic secretory response in acinar cells. P2Y receptors are also G-protein-coupled receptors and enhance Ca 2+ mobilization from intracellular Ca 2+ stores. However, it remains to be resolved whether the signaling mechanism of purinergic P2Y receptors is the same as that of muscarinic receptors. In the case of lacrimal glands, our previous data showed that the direction of the intracellular Ca 2+ wave induced by the activation of these receptors was different; the CCh-induced wave was initiated from the luminal region (i.e., the granular region), whereas ATP elicited a Ca 2+ wave from the basal to the granular region (29) . Differences in Ca 2+ -wave propagation induced by IP 3 and ryanodine receptors have been previously reported in pancreatic and parotid gland cells (55) . At low concentrations of IP 3 (< 2 μM), the intracellular waves in pancreatic cells begin in the apical region and are actively propagated across the basal region by Ca 2+ release through ryanodine receptors. At high concentrations of IP 3 (> 30 μM), the waves in pancreatic and parotid cells are not true waves but rather apparent waves, formed as a result of sequential activation of IP 3 receptors in the apical and basal regions. Probably, the differences in wave propagation in pancreatic and parotid cells can be explained in part by differences in IP 3 receptor density (55) . Because of the low concentrations of ATP used in the present study, further experiments are necessary to completely clarify the relationship between muscarinic and purinergic receptors in the mouse parotid gland. Regardless of the dearth of details of the intracellular signaling systems, it can be concluded that exocrine cells, especially salivary glands, possess redundant mechanisms to maintain secretion at a certain functional level.
